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Non-FuéIed Resources - 2007 Deficit Year |

1 27.02 28.24 29.51 30.83 32.22 .
2 27.60 28.84 - 30.14 31.50 48.34 67.63
3 28.18 29.45 30.78 42.00 54.80 69.36
4 28.76 30.06 38.46 48.02 58.85 71.10
5 29.34 . 36.05 43.65 52.24 61.94 . 72.85
6 34.21 40.50 47.60 55.58 64.54 74.60
7 38.04 44.07 50.83 58.40 66.88 76.36
8 41.24 47.08 -53.62 60.91 69.05 78.12
9 44.02 49.73 56.11 63.20 71.10 179.88
10 46.49 52.13 58.39 .65.35 73.07 81.64
11 48.74 5433 60.52 67.38 74.99 83.40
12 50.83 . 56.39 .62.53 69.33 76.85 85.16
13 52.79 58.34 64.46 71.22 78.68 86.92
14 54.65 60.19 - 66.31 73.05 80.48 88.67
15 56.42 61.98 68.10 74.83 82.25 90.41
16 58.13 63.70 69.84 76.58 83.99 92.14
17 59.77 65.38 - 71.53 78.29 85.71 93.87
18 61.36 67.00 73.19 79.97 87.41 95.58
19 62.91 68.58 74.80 81.62 - 89.09 97.28
20 64.41 70.13 76.39 83.25 90.75 98.97
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Fueled Resources - 2007 Deficit Year

1 27.02 28.24 29.51 30.83 32.22 14.47
2 27.60 28.84 30.14 31.50 23.73 14.72
3 28.18 29.45 30.78 26.30 21.06 14.96
4 28.76 30.06 27.21 23.83 19.84 - 15.19
5 - 29.34 27.45 2517 22.44 19.21 15.43
6 27.36 25.79 23.88 21.59 18.86 15.66
7 26.02 24 .67 23.03 21.04 18.68 15.89
8 - 25.06 23.89 22.45 1 20.69 18.60 16.12
9 24.37 23.33 22.04 20.47 18.58 16.35
10 23.86 22.93 21.76 20.33 18.62 16.57
11 - 23.48 22.63 21.57 -20.26 18.68 16.79
12 23.19 22.42 21.45 20.23 18.76 17.00
13 22.99 22.28 21.37 20.24 18.87 17.22
14 22.83 22.18 21.33 '20.28 18.98 17.43
15 22.73 22.12 21.33 20.33 19.11 17.63
16 22.66 22.09 21.34 20.40 19.24 17.83
17 2262 22.08 21.38 20.48 19.37 18.03
18 22.60 22.09 21.43 - 20.57 19.51 18.22
19 22.60 22.12 21.49 20.67 19.65 18.41
20 22.62 22.17 21.56 20.78 19.79 18.59

" AVISTA UTILITIES
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Generating Resources Advisory Committee (GRAC)
Northwest Power Planning Council - 5th Power Plan

Member Organization o Note
Rob Anderson Bonneville Power Administration ' '
Peter Blood Calpine Corporation :
. John Fazio ‘Northwest Power Planning Council Vice-Chairman
Stephen Fisher Mirant Americas Energy Marketing
Mike Hoffman Bonneville Power Administration
Clint Kalich Avista Utilities
Eric King Bonneville Power Administration
Jeff King Northwest Power Planning Council Chairman
- Mark Lindberg Montana Economic Opportunity Office |
Bob Looper Summit Energy, LLC, representing Idaho
Jim Maloney Eugene Water & Electric Board
Dave McClain - D.W. McClain & Associates, representlng Renewable NW Project
Alan Meyer Willamette industries
Mike Mikolaitis Portland General Electric
Bob Neilson Idaho National Environmental and Engineering Laboratory
Roby Roberts PacifiCorp Power Marketing
Jim Sanders Clark Public Utilities
David Stewart-Smith  Oregon Office of Energy
" Tony Usibelli Washington Office of Trade and Economic Development
Carl van Hoff Energy Northwest
David Vidaver California Energy Commission
Kevin Watkins Pacific Northwest Generating Coop
Chris Taylor ~ Zilkha Renewable Energy
Greg Staple Westcoast Energy . Pipeline
Sam Van Vactor Economic Insight, Inc. Consultant
Dick Winters Avista Corp. Electric/Gas Utility
Bill Wood California Energy Commission . Public
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DRAFT .

Northwest Power Planning Council
New Resource Characterization for the Fifth Power Plan

Natural Gas Combined-cycle Gas Turbine Power Plants

Tuly 15, 2002

This paper describes the technical characteristics and cost and performance assumptions
to be used by the Northwest Power Planning Council for new natural gas combined-cycle
gas turbine power plants. The intent is to characterize a reasonably typical facility,
recognizing that actual facilities may differ from these assumptions. These assumptions
will be used in our price forecasting and system reliability models and in the Council’s
periodic assessments of system reliability. The Council may also use these assumptions
in the assessment of other issues where generic information concerning natural gas
combined-cycle power plants is needed. Others may use the Council’s technology
characterizations for their own purposes.

A combined-cycle gas turbine power plant consists of one or more gas turbine generators
equipped with heat recovery steam generators to capture additional, otherwise wasted
heat from the gas turbine exhaust. Steam produced in the heat recovery steam generators
is used to power a steam turbine generator. Use of the otherwise wasted heat in the
turbine exhaust gas results in high thermal efficiency compared to other combustion-
based technologies. Combined-cycle plants currently entering service can convert about
50 percent of the chemical energy of natural gas into electricity (HHYV basis').
Additional efficiency can be gained in combined heat and power (CHP) applications
(cogeneration), by bleeding steam from the steam generator, steam turbine or turbine
exhaust to serve direct thermal loads. ' ' '

A single-train combined-cycle plant consists of one gas turbine generator, a heat recovery
stearn generator and a steam turbine generator. Using “F-class” combustion turbines - the
most common technology in use for large central station plants - this configuration can
produce about 270 megawatts of capacity. Additional capacity can be gained by
installing multiple trains at a site, or by using two or three gas turbine generator sets with
heat recovery steam generators feeding a single, proportionally larger steam turbine
generator. Other plant components include a switchyard for electrical interconnection,
cooling towers for cooling the steam turbine condenser, a water treatment facility and

~ control and maintenance facilities.

! The energy content of natural gas can be expressed on a higher heating value or lower heating value basis.
Higher heating value includes the heat of vaporization of water formed as a product of combustion,
whereas lower heating value does not. While it is customary for manufacturers to rate equipment on a
lower heating value basis, fuel is generally purchased on the basis of higher heating value. Higher heating
value is used as a convention in Council documents unless otherwise stated.
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Additional peaking capacity can be obtained by use of various power augmentation
features, including inlet air chilling and duct firing. An additional 20 to 50 megawatts
can be gained from a single-train plant by use of power augmentation features. Though
the incremental thermal efficiency drops when using power augmentation features, the
additional capacity can be valuable during peak load periods when elegtricity prices are’

high. »

Gas turbines can operate on either gaseous or liquid fuels, however pipeline natural gas is
the fuel of choice because of historically low and relatively stable prices and low air
emissions. Though occasionally used as a backup fuel, distillate fuel oil is has become
less common as backup fuel in recent years because of environmental concerns, the
periodic testing required to ensure proper operation on fuel oil and increased turbine
maintenance associated with fuel oil operation. It is now more common to ensure fuel
availability by securing firm gas transportation.

The principal environmental concerns associated with gas-fired combined-cycle gas
turbines are emissions of nitrogen oxides (NOx) and carbon monoxide (CO). Fuel oil

 operation may produce sulfur dioxide. “Low-NOx” combustors and high temperature
selective catalytic controls allow NOx and CO emissions to be controlled to low levels.
Water is required for cooling the steam condenser and may be an issue in arid areas.
Water consumption can be reduced by use of dry (closed-cycle) cooling, though with cost
and efficiency penalties. Gas-fired combined-cycle plants produce less carbon dioxide
per unit energy output than other fossil fuel technologies because of the relatively high
thermal efficiency of the technology and because of the high hydrogen-carbon ratio of
methane (the primary constituent of natural gas). '

Because of high thermal efficiency, low initial cost, reliability, relatively low gas prices
and low air emissions, combined-cycle gas turbines have been the new resource of choice
for bulk power generation for well over a decade. Combined-cycle power plants are an
increasingly important element of the Northwest power system, currently comprising
about 6 percent of installed capacity in the region - third following hydropower and coal
-steam plants. Completion of plants under construction will increase the fraction of gas-
fired combined-cycle capacity to about 11 percent of total regional capacity.

The proposed reference plant is based on the General Electric 7FA gas turbine generator
in 2 GT x 1ST configuration. The baseload output of this plant is assumed to be 540
megawatts. The incremental costs and performance of 70 MW of power augmentation
using duct burners are provided in the table that follows. A firm gas transportation
contract with capacity release capability is assumed, in lieu of backup fuel. Air emission
controls include “low-NOX” burners, selective catalytic reduction for NOx control and an
oxidation catalyst for CO control.
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Natural Gas Advisory Committee (NGAC)
Northwest Power Planning Council - 5th Power Plan

Name Affiliation Sector
Rob Anderson Bonneville Power Admin. Electric Utility
John Bridges TransCanada Pipeline
Phil Carver Oregon Office of Energy ~ Public
Kevin Christie PG&E Gas Transmission NW  Pipeline
Colin Coe Calpine Electric Generation/Marketing
Jeffrey Currie Goldman Sachs Financial '
Byron Defenbach  Intermountain Gas Distribution
Cynthia Des Brisay B.C. Gas Distribution
Bill Donahue Puget Sound Energy Electric/Gas Utility
Randy Friedman NW Natural Gas Distribution
Rick Harper Consuitant Consuitant
Reed Harris Oregon PUC Public
Jane Harrison - Williams Pipeline NW Pipeline
David Hawk J R Simplot Co. Industrial Consumer
Jeff King NPPC Council -
Dan McAstocker Burlington Resources Producer
Terry Morlan NPPC Council
Arne Olsen Energy & Envir. Econ., Inc. Consultant
Paula Pyron NW Industrial Gas Users Industrial Consumers
Clay Riding - Power Resource Managers Consultant
Pat Scherzinger Fuel/Energy Consultants Consuitant
Peter Schwartz Cascade Natural Gas Distribution ’
Fred Scott Engage Energy Electric Generation/Marketing
Greg Staple Westcoast Energy Pipeline
Sam Van Vactor Economic Insight, Inc. Consultant
Dick Winters Avista Corp. Electric/Gas Utility
Bill Wood California Energy Commission Public
Case No. GNR-E-02-1
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Non-Fueled Resources - 2007 Deficit Year

1 22.12 24.37 29.56 29.56 29.56 39.72
2 23.20 26.85 29.56 29.56 34.42 40.19
3 25.14 27.68 29.56 32.66 36.34 ~ 40.65
4 26.11 28.09 -31.79 34.42 . 37.51 41.11
.5 26.68 30.04 33.28 35.64 38.39 41.61
6 28.42 31.45 ' 34.40 36.58 39.14 42.12
7 29.75 32,57 35.30 37.40 39.83 - 42.63
8 . 30.84 33.49 36.10 38.13 40.47 -43.15
9 31.75 3431 36.82 38.80 41.07 43.67
10 32.57 35.04 37.48 39.43 41.65 44 17
11 33.30 35.71 38.10 40.03 - 42.20 . 4465
12 33.98 . 36.34 38.69 40.58 42.71 - 4511
13 34.60 36.93 39.23 - 4110 43.21 -45.56
14 35.19 37.48 39.75 41.60 . 43.68 46.00 .
15 35.74 38.00 40.23 - 42.07 4413 46.43
16 36.25 38.48 40.69 42.52 44.57 - 46.85
17 36.73 38.94 41.13 _ 42,96 44 .99 47.26
18 37.18 39.38 41.56 - 43.38 45.41 47.66
19 37.61 39.80 41.96 43.78 45.81 48.05
20 38.02 40.20 42.36 4418 46.20 48.44
AVISTA UTILITIES g;*};;j;;;‘;";‘g A 6, 1A0
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Fueled Resources - 2007 Deficit Year

1 22.12 24.37 . 29.56 29.56 29.56 13.55
2 23.20 26.85 29.56 29.56 21.90 13.70
3 25.14 27.68 29.56 24.68 19.45 13.86
4 26.11 28.09 26.06 22.31 18.30 14.01
5 26.68 25.66 24.02 20.96 17.68 14.16
6 24.94 24.09 22.72 20.11 17.31 1430
7 23.73 23.02 21.83 19.54 17.08 14.45
8 . 22.87 22.25 21.20 19.15 16.95 14.59
9 22.23 21.68 20.74 18.88 16.88 14.73
10 21.75 21.26 20.41 18.69 16.84 14.86
11 21.38 20.94 20.15 18.56 16.84 14.99
12 21.09 20.69 19.97 18.47 16.86 15.12
13 20.87 20.51 19.83 18.41 16.89 15.25
14 20.70 20.36 19.73 18.38 16.93 15.37
15 20.56 20.25 19.65 - 18.37 16.98 15.49
16 20.46 20.17 19.60 18.37 17.04 15.61
17 20.38 20.11 19.57 18.38. 17.10 15.72
18 20.32 20.07 . 19.55 18.41 1717 15.83
19 20.28 20.05 19.55 18.44 17.24 15.94
20 20.26 . 20.03 19.556 18.47 17.31 16.04
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Avoided Cost Payment Comparison
Stayed versus Proposed Rates — 20 Year Contract Terms

Non-Fueled Project Rates

Year. Stayed Proposed Difference Enerqgy  Savings

($/MWh)  ($/MWh) ($/MWh) (MWh) ($millions)
2002 64.41 38.02 26.39 87,600 2.31
2003 70.13 40.20 29.93 87,600 2.62
2004 76.39 42.36 34.03 87,600 2.98
2005 83.25 44.18 39.07 87,600 3.42
2006 90.75 46.20 44.55 87,600 3.90
2007 98.97 . 48.44 50.53 87,600 4.43
Average 80.65 43.23 37.42 87,600 3.28

Fueled Project Rates

Year Stayed Proposed Difference  Energy. Savings

($/MWh) (9MWh) (/MWh) (MWh) ($millions)
2002 27.02 20.26 6.76 87,600 0.59
2003 28.24  20.03 8.20 87,600 0.72
2004 29.51 19.55 9.95 87,600 0.87
2005 30.83 .18.47 12.36 87,600 1.08
2006 32.22 17.31 14.92 87,600 1.31
2007  14.47  16.04 (157) 87,600 (0.14)
Average 27.05 18.61 8.44 87,600 0.74
AVISTA UTILITIES : | ' g:;;b‘;‘t“ig"gﬁﬁ;‘m’ —
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